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ABSTRACT 


Operation  Irj  tu  Instrumented  for  the  mans-motloo  method  at  pressure  a.*«**jr*m#nt  is 
a  u><ner  -izsilar  *o  that  used  on  'VereHnns  Bust  er-J  ancle  and  Turn  bier -Snapper.  Low-alti¬ 
tude  pyrotechnic  mortar  bursts  and  high-altttuda  (ua  bursts  (on  Hite  only)  label*,  the  sit  for 
photographic  recording. 

The  methods  at  instrumentation  are  described;  the  method  at  data  analysis  la  outlined;  and 
derived  data  an  time  at  arrival,  peak  material  velocity,  peak  shock  velocity,  and  peak  over¬ 
pressure  are  presented  la  tabular  and  graphical  form.  Appendixes  present  meteorology al  and 
bellleilc  date  and  calculations. 

An  outstanding  conclusion  at  the  apartment  Is  the  lowness  at  peek  overpressures  near  the 
surface  compared  with  the  peek  overpressures  at  altitudes  up  to  18,000  ft  because  at  the  effect 
of  atmospheric  lnhomogeneity  at  long  ranges. 

The  mass-motion  technique  offers  a  useful  diagnostic  tool  for  the  determination  at  total 
hydrodynamic  yield. 
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CHAPTER  1 

INTRODUCTION 


1.1  PURPOSE  OP  EXPERIMENT 

The  desirability  of  obtaining  true  free-slr  pressure  mtuarnMaU  baa  long  been  recog¬ 
nised,  Project  6.]  Instrumented  Mika  and  Elng  ahota  for  thia  purpose.  A  troa  fraa-alr  pres- 
aura  maaauramant  la  daflnad  aa  ana  that  la  fraa  from  aueh  parturMng  fact  or  a  aa  maaaurtng 
In atru manta,  structures,  aircraft,  or  reflection  from  tba  aurfaca  of  tha  earth 

A  baoic  method  for  obtaining  aueh  a  maaaurcmant  involve*  labeling  a  parcel  of  air  with 
ri  etble  part  Idea  and  photographing  their  motion  under  the  Influence  of  the  bleat  ware.  Photo* 
graphic  analyda  of  the  motion,  together  with  basic  hydrodynamic  relations,  determines  the 
preasura  ralua  at  that  point. 

By  placing  the  maesurammit  points  at  various  ranges  from  the  mic' ear  detonation,  mate¬ 
rial  velocity-distance,  shock  velocity -41  stance,  and  preaeure-dlstaacs  curves  are  obtaiaed. 
Furthermore,  since  the  first  motion  of  the  labeled  air  indicates  tha  time  of  arrival  of  the  blast 
wave  at  that  point,  a  time -of -arrival  curve  results  from  the  measurements. 

Heretofore,  thia  type  of  pressure  maaauramant  has  been  limited  to  tha  region  cions  to  tba 
ground,  t.a.,  up  to  1000  ft.  Mika  shot  was  Laatrumcuted  from  tha  surface  to  an  altitude  of 
29.000  ft  la  aa  attempt  to  determine  any  asymmetry  is  the  pressure  field  aa  tha  blast  wave 
progressed  through  as  Increasingly  r trifled  atmosphere. 

A  long-range  pro]'*:!,  utilising  data  obtained  on  this  operation  aa  w«U  aa  data  from  pre¬ 
vious  operations,  coo  slats  in  the  derivation  of  pressure -lima  curves  from  tha  mass-motion 
method.  The  large  number  of  data  points,  coupled  with  time  and  manpower  limitations,  has 
precluded  aueh  analysis  to  data. 

1.2  MASS-MOTION  METHOO  AND  PRIOR  DEVELOPMENT 

Tba  broad  underlying  purpoaa  of  tba  mass-motion  method  of  maaaurtng  hydrodynamic 
variables  la  treated  elsewhere.1  The  method,  in  general,  consist  a  in  placing  s  small  volume  of 
visible  am  aka  particle*  at  a  given  position  in  q>*c*  at  a  given  Urns  relative  to  a  nuclear  deto¬ 
nation;  its  sub  sequent  motion,  whan  struck  by  tbs  blast  wavs,  is  recorded  pu«e«gvphi— ity 
The  analysis  of  tba  film  record  provides  data  on  tba  time  of  shock  arrival  and  the  di^lacs- 
maat  of  the  volume  of  labeled  air  aa  e  function  of  Urns.  Thia  mansaramaaf  of  mass  motion, 
together  with  meteorological  data,  may  than  be  converted  into  a  value  of  overpressure  in  the 
blast  wavs. 

Several  methods  of  la  be  Hag  the  air  for  photographic  recording  have  been  Investigated 
during  previous  operations.  Tha  two  methods1  utilised  by  Operation  Buatar -Jangle  were  (1)  a 
amoks  plume  produced  by  a  JATO  unit  and  (2)  aa  “aerial  salute, ~  a  commercial  pyrotechnic 
prndnrlag  a  amoks  puff  la  the  air  several  hundred  fast  above  the  ground.  M  addition  to  theae 
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mathada,  Opantloa  TtombUr-Snappar  laclwlad  a  taxability  taM  at  aat'-lrcraft  |ni  tar  pro¬ 
ducing  tanoha  puff*  at  hlfhar  aUltadaa.1  Esparlaaca  oa  thaaa  opa  rat  lata  thc^rm  that  tha  pyro¬ 
technic  anoka  pafl  nit  ad  tha  low-alntjda  aaaairaBait  tad  that  tha  antiaircraft  thali,  at  tha 
prcpar  aataka  coatpoaUloa,  coaid  ba  aaad  tor  high-alHtada  aiaaaaraBcsU. 

RK rut  CM CIS 

a 

1.  D  F.  Saacord,  Jr  ,  BUM  Maararamaata,  Part  HI,  BlaM-vara  Malar lal-mlocity  Maaaara* 
aaaata,  BoMar-Jaag  la  Pro] act  1C. 10  R  apart,  VT-415,  March  10U. 

3.  D.  P.  Saacord,  Jr.,  BUM  Maastramaota,  Part  I,  BUM -wort  MatarUl-raloclty  Maaaara* 
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CHAPTER  1 

LOW-ALTITUDE  INSTRUMENTATION 


1.1  REXP  STATION! 

ta  onter  (0  tUmd  tte  low-alutude  atatlaaa  to  tte  hlgh-preaawe  rcgtoa  m  Mite  cboi,  tbo 
four  autlou  cloaaat  to  (raid  taro  ttra  looted  ca  tte  root.  Poo  reeaoaa  cd  ravoolooeo  ate 
to  com  looot  lotortorosco  wltli  otter  project*,  tte  martw  Um  axteaded  od  tte  oM««rd  roof 
oorttesot  ad  Eluelab  Pigwe  1.1  ehowe  tte  locatlca  of  tteM  etailoae  Ut  ro lotto*  to  gromad 
*#ro.  Rood  Sot  too  a  610  01  to  610  04  wore  ot  range*  od  4410,  5600,  UM,  oad  11.4M  f  from 
Mro.  tte  average  oltttodo  ad  tte  mortar  terota  waa  160  ft. 

Each  at  at  too  c  (motored  od  a  otool  pipe  omboddod  la  >  coocrote  block  which,  la  harm,  waa 
omboddod  la  tte  rcof;  tte  otMl  pipe  oatoodod  I  ft  above  Mgh-tlde  level  aal  waa  provided  with 
two  4*la.*oqmaro  otool  platfarma  1  ft  from  tte  teg.  Holme*  a ad  Narver  (HAN)  drawtag  No. 
61U-4-1  glooa  tte  coaotrwcttam  detail*.  Sobmarta*  cable  waa  laid  to  ooch  ftatloa  from  tte 
■••root  EOAO  tlmlte  otatlon  oa  tte  Bogoa-Ebicelab  cooapiaa.  TlaUag  relay*  oad  battery  power 
OMPly  wore  located  la  tte  tlwiag  otatloa,  tte  OMward  oad  ad  tte  cable  war  eoaaoctod  to  tte 
mortar  at  each  otatloa,  ate  tte  -  9  ooc  algaal  treaaaaittte  to  tte  otatloa  fired  *te  mortar.  fflg- 
wo  1.1  lllootratoa  tte  ftrtag  *7 atom  for  tte  roof  ftiUaea. 

To  complete  tte  proparatloa  ad  tte  ataUae  for  ftrtag  Mcoeottalod  amteiag  a  proaate 
cardboard  mortar  oa  tte  platform  ate  wearing  it  to  tte  otool  pipe,  laaorttng  tte  mortar 
charge,  ate  couaectlag  tte  flrtag  mjatb  to  the  timing  cable.  Tte  charge  ate  amtar  were 
weatherproofed  by  wroppiag  with  alumlaam  foil  which  oft octl roly  hept  tte  itatlnae  wadortt^t; 
tte  locattoa  of  taetremoWa  at  4  ft  above  high -tide  l oral  mUlmlaod  dampmlag  Am  to  m>c*r. 

AU  oalta  feaeUaaod  porfoctly  dartag  error ai  d rj  "•*  *■*  M  tact  time.  Each  AaUaa  coaid 
bo  aorrtcod  la  Ww  them  •  mta,  ate  tte  chata  ad  four  wore  oeeally  cover  od  to  oboat  aa  how. 
milialjg  a  DUEW  for  treaaportattoa  acroaa  tte  r«ef. 


1.1  RAPT  gTATTOWI 

To  oat  ate  tte  lew-altlteda  taatromoodadlM  oat  to  tte  law  premmre  regtoa.  five  raft  Aa- 
tinae  plea  a  atatloa  oa  Mach  wore  taetaiiod.  Them  were  ftabeae  dll. 01  to  ttl.M,  located  ad 
reagee  <d  19.000. 11,400,  90,110,  1T.MQ,  4T.T10,  ate  M.OOO  ft  Item  aero  for  Mite  teed  (Pig. 

1.1).  A  eewoth  otatloa  waa  located  oa  Pwry  at  a  range  od  114.IT0  ft.  Par  Klag  abac.  etx  rafto. 
omtoadug  from  tte  worth  Up  of  Remit  woodward  tala  tte  lageaa.  were  meed. 

Tte  boat*  raft  otatloa  woe  o  10-  by  11-ft  pleated  etnoetare  Reported  oa  oath  career  by 
two  80-gal  drama.  M  tte  omtor  od  tte  reft  waa  rnmmtte  ■  4-ft-hlgh  platform  Adftte  to  m- 
eommodwe  tte  .aortar,  power  eoppty,  ate  radio  tlaalag  ogalpmoot.  Tte  reft  ceaatrectloa  dotalla 
are  gloea  by  BAN  dXewtag  Na.  I141-Q-9.  Plgare  1.1  la  aa  eeer-aU  vtew  of  a  typical  reft. 

gam  u  wee  fpraatfcal  to  red  ttmlag  oeteM  to  oaeh  reft  to  tte  lageaa.  a  radio  Umlag 
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system  n<  developed  by  EGAG  for  instillations  web  la  thla.  Each  raft  was  equipped  with  a 
receiver,  variable  delay  timer,  aad  mechanical  clock  (or  activating  the  unit  at  about  1  hr  be¬ 
fore  ahot  time.  Figure  1.4  la  a  ach emetic  drawing  of  the  radio  firing  system,  and  Fig.  l.S 
mows  the  location  at  the  tone  transmlttera  with  reject  to  the  rafta.  The  delay  timer  waa 
aaceaaary  to  provide  a  suitable  delay  between  receipt  at  the  signal  and  the  firing  of  the  mor¬ 
tar.  SUce  theee  atationa  extended  to  a  considerable  range,  the  amake  puff  would  have  been 
diaper  aed  at  shock  arrival  if  a  delay  network  had  not  been  incorporated  la  the  firing  ay  stem. 

The  detailed  preparation  at  the  raft  atationa  for  the  dry  run  aad  for  the  shot  la  of  inter  eat. 
The  mounting  plate  which  held  the  mortar,  radio  receiver,  aad  at  or  age  battery  weighed  ap¬ 
proximately  90  lb  and  waa  extremely  unwieldy,  especially  on  such  an  unstable  platform  as  a 
raft  moored  in  the  lagoon.  R  waa  believed  that  the  Installation  would  be  simplified  by  mooring 
the  raft  after  the  radio  and  mortar  had  been  mounted  on  the  raft.  An  LCT  was  used  for  trans¬ 
porting  the  rafts  to  their  mooring  buoys;  a  crane,  for  depositing  the  raft  alongside  the  buoy; 
aad  an  LCM,  for  the  actual  mooring  operation.  Formidable  as  it  sound*,  the  experience 
achieved  on  the  mooring  of  the  rafta  for  the  dry  run  allowed  the  final  Installation  of  six  sta¬ 
tions  to  be  made  in  less  than  9  hr  after  loading  the  rafta  aboard  the  LCT  at  Parry.  The  HAN 
personnel  handling  the  crane  and  boats  became  eo  proficient  that  a  maximum  at  10  min  at  each 
station  was  required  to  place  the  raft  In  the  water,  taw  It  to  its  buoy,  moor  It,  load  the  mortar, 
make  the  final  electrical  connections,  and  start  for  the  next  station. 

Weather  protection  for  the  mortar  and  charge  waa  similar  to  that  used  on  the  reef  sta¬ 
tions —  aluminum  foil  wrapping  with  a  rupturabla  foil  cover  over  the  mortar.  The  timing  units 
were  encased  in  steel  bones  with  gasketed  lids.  Each  mortar  charge  was  aluminum -wrapped  to 
minimise  chancea  of  detonation  at  the  charge  during  Us  time  of  flight  since  several  at  the  sta¬ 
tions  wars  at  ranges  such  that  Uw  charge  would  be  in  its  upward  trajectory  during  the  period 
of  high  thermal-radiation  rates  from  the  nuclear  detonation. 
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CHAPTER  S 


HIGH-ALTITUDE  INSTRUMENTATION 


3.1  CUN  STATIONS 

That  portion  of  the  mass-motion  experiment  designed  to  meaaare  hydrodynamic  rmrlablaa 
at  high  altltu^aa  abora  tha  aurface  of  tha  aarth  required  the  InatalUtlon  of  a  battery  of  10  anti¬ 
aircraft  guna  on  Engebl. 

Twslva  dual -purpose  3. in.  30 -caliber  guna  were  0^  lined  from  the  Naval  Ordnance  Plant 
(NOP),  Pocatallo,  Idaho;  10  were  In ei ailed  on  Engvfel,  and  two  complete  oalta  were  retained  an 
Parry  aa  spare*  or  for  apare  parti,  flgura  S.i  la  a  general  view  of  the  weapon.  Detailed 
Information  on  the  Mark  22  mount  may  be  found  In  reference  1.  The  unite  wera  completely 
dlaaaaembled,  cleaned,  raaaeembled,  and  prepared  for  overaeaa  shipment  by  the  NOP, 
Pocatello.  Each  unit  waa  shipped  in  two  container  a,  one  crate  containing  an  aasembled  mount 
and  allde  and  ana  containing  the  barrel-and-breech  assembly.  The  preparation  accomplished 
by  the  NOP  great)-  facilitated  field  Installation.  The  mount  waa  Installed  on  a  concrete  base 
pitta,  and  tha  lnaet  lion  of  the  barrel  required  about  10  min.  The  concrete  base  plate,  con¬ 
structed  by  HAN,  la  shown  on  their  drawing  No.  3120-2-2.  A  view  at  tha  10-gun  buttery  on 
Eagebl  le  shown  in  Fig.  2.2. 

Figure  S.S  shows  tha  relation  between  tha  gua  stations,  shot  Island,  and  tha  line  at  gun 
bursts  (projected  In  plan). 

The  guna  wera  equipped  with  aa  electrical  firing  system.  Firing  waa  accomplished  an  an 
EOAO  timing  signal  by  placid  an  SGAG  relay  la  series  with  the  battery  power  supply  of  the 
gua  and  the  firing  solenoid,  the  firing  key  at  tha  gua  was  locked  cloned.  Figure  J.4  le  a  sche¬ 
matic  drawing  at  tha  firing  circuit  for  each  gun. 

2.2  AMMUNITION 

Special  amnssltloa  was  provided  by  the  Naval  Ammunition  Depot  (NAD),  Mare  Island,  for 
this  project.  A  dense  white  puff  of  amoks  waa  desired  aa  the  object  to  be  photographed,  sad, 
since  white  phosphorus  shell#  were  not  available  for  thta  weapon,  a  search  was  made  for  a 
suitable  whlta-smoke  compound.  Research  by  Plcatlnay  Arsenal  had  Indicated  various  colored- 
smoke  compound*.*  Several  rounds  of  these  colored  smokes  were  prepared  by  the  Boreas  at 
Ordnaaca  sad  were  tasted  la  the  field  at  the  Naval  Proving  Or  need,  Dsklgrea,  Va.,  oa  July  1  to 
10,  1032.  To  atmulats  proposed  ranges  and  camera  resolution  eipected  M  Ealwetofc,  each 
buret  was  photographed  with  a  II- mm  camera  with  a  lens  of  1-La.  fecal  length.  Rased#  of 
red,  whUa,  yellow,  usd  green  smoke  were  detonated  at  ranges  at  9000  to  5000  yd.  Photographic 
remits  showed  that  the  whlta-smoke  composition  waa  beat  salted  to  the  purpose  of  the  project. 
Caaeequeetly,  NAD,  Mars  Island,  prepared  TO  roesds  of  find  ammunition  having  the  follow' ng 
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pertinent  characteristics. 

TNT  and  white-smoke  compound.  4. OS  11) 

Projectile,  MK  33 
Projectile  weight,  loaded,  13  0  lb 
Propellant  (or  Initial  velocity  of  3700  ft  sec 
30-sec  mechanical  time  fuze.  M  303 

3.3  BALLISTICS 

The  locations  of  the  10  gun  bursts  were  to  be  at  altitudes  of  5000,  6009,  10,000.  11,000, 
15,000,  16,000,  20,000,  21,000,  25,000,  and  26,000  ft  above  the  lagoon  on  a  line  defined  by  the 
Intersection  of  the  following  planes: 

1.  A  plane  such  that  a  horizontal  line  In  that  plane  Is  perpendicular  to  the  line  from  zero 
lElugelab)  to  the  photographic  station  on  Rojoa.  Thl  >  plane  makes  an  angle  of  60°  with  the 
horizontal,  passing  through  zero  and  leaning  toward  Rojoa. 

2.  A  plane  such  that  a  horizontal  line  In  that  plane  Is  parallel  to  the  line  from  zero  to  the 
Rojoa  photographic  station.  This  plane  makes  an  angle  of  75°  with  the  horizontal,  passing 
through  zero  and  leaning  toward  Bogallua. 

The  choice  of  this  line  Implies  that  no  gun  Is  aimed  toward  the  aero  Island,  and,  If  the 
fuzing  of  a  projectile  be  In  error,  the  nearest  possible  horizontal  approach  to  ^ero  Is  1000  ft 

It  became  apparent  that  the  two  bursts  nearest  Elugelab  might  possibly  deposit  fragments 
on  Elugelab  and  Teltelrlpucchl  If  the  fragmentation  pattern  of  the  projectile  had  a  pronounced 
radial  cone.  At  shot  time  this  would  have  been  of  little  consequence  since  fragments  would  not 
reach  the  Island  prior  to  zero  time.  However,  since  test  firing  of  the  gun  battery  was  neces¬ 
sary,  It  was  Imperative  that  no  damage  be  sustained  by  Island  Installations.  Consequently,  the 
two  nearest  bursts  were  moved  to  a  higher  altitude  and  a  greater  range  from  Elugelab.  They 
were  relocated  at  altitudes  of  8000  and  0000  ft  and  at  the  same  coordinates  as  the  10,000-  and 
11,000-ft  bursts.  The  bursts.  In  elevation,  are  shown  In  Fig.  3.5. 

The  ballistic  problem  was  computed  for  each  gun  prior  to  the  operation.  Train,  eieva'  on, 
and  time  of  flight  were  calculated  using  standard  range  tables.1  After  the  determination  for 
standard  conditions,  the  following  corrections  were  applied  (meteorological  factors  were  esti¬ 
mated  from  average  conditions  at  Enlwetok  Atoll  for  October  and  November)- 

1.  An  Initial  velocity  of  2700  ft  sec  rather  than  the  2650  ft- see  (used  la  OP-1766).  Eroalon 
readings4  for  each  gun  Indicated  an  appr  cal  mate  Increase  over  the  nominal  2700  ft.  sec  (new 
barret)  of  20  to  40  ft  sec.  An  assumed  powder  temperature  of  70*F  would  reduce  the  Initial 
velocity  by  about  20  ft  sec,  further  assuming  a  cold  gun  connection  of  10  to  20  ft  sec,  the 
resultant  Initial  velocity  la  approximately  2700  ft  aec. 

2.  A  decrease  of  10  per  cent  In  density  due  to  a  warm  humid  atmosphere.  This  appears 
reasonable  when  checked  against  calculated  density  changes  and  consequent  range  variation.1 

3.  A  10-knot  rear  wind.  Climatic  averagee  showed,  for  the  tlm*  period  under  considera¬ 
tion,  a  surface  wind  of  approximately  9  cnota  from  ESE  to  ENE  and  upper  winds  of  12  to  18 
knots  from  NE  to  SE.  For  an  average  of  all  10  trajectories  a  value  of  a  10-knot  rear  wind 
seemed  reasonable  The  most  accurate  placement  was  necessary  In  the  two  lowest  bursts  (to 
prevent  errors  toward  the  aero  Island),  and  hence  the  surface  wind  waa  heavily  weighted;  In 
these  cases  a  rear  wind  la  from  due  east. 

4.  Drift  waa  computed  from  OP-1766,  and  a  trigonometric  correction  waa  applied  to  the 
angle  of  train 

Furthermore,  assumptions  aa  to  the  accuracy  of  gun  laying  (10  min  In  train,  2  min  In  ele¬ 
vation,  and  a  fuse  setting  to  within  *0.1  sec)  Indicated  the  calculations  should  be  carried  out  to 
the  nearest  minute. 

With  the  meager  average  climatic  data  It  did  not  seem  feaalble  to  compute  ballistic  wind 
and  density  In  detail.  The  main  purpose  of  the  preahct  ballistic  computations  waa  to  produce 
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fig.  S.t  —  Location  of  rw  barite  (ilivftUaa). 
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data  for  setting  the  guns  to  provide  bursts  aa  close  to  the  designated  p*uats  aa  poaatbla. 

To  locate  accurately  tha  buret  positions  aa  they  actually  occurred,  the  balliatlca  were  re¬ 
computed  after  the  ahot  on  the  baata  of  meteorological  condition!  prevailing  at  ahot  time  (aee 
AppendU  A).  T  tee  calculatlona  were  vital  alnce  the  balUatic  data  provided  the  only  Informa¬ 
tion  on  the  buret  positions;  no  trlangulatlon  cameraa  were  available. 

Again  utilising  the  standard  AA  Range  Tables,  with  the  known  meteorological  data,  the 
actual  burst  positions  were  calculated.  Ballistic  wind  and  density  wars  computed  using  refer¬ 
ence  6  Changes  In  the  preahot  ballistic  correction  Included  temperature,  wind,  and  density 
The  result  of  the  poatahot  ballistic  study  showed  that.  In  general,  the  burets  occurred  70  to 
'<00  yd  low  100  to  250  yd  short,  and  15  to  40  yd  to  tha  right  of  their  previously  e<  input ed  posi¬ 
tion*  The  change  In  position  for  each  buret  waa  computed,  and  lta  true  position  tn  apses  was 
determined.  In  the  process  of  film  analysis  the  position  at  the  buret  was  compared  to  its  Ini¬ 
tially  pradlcted  position;  the  deviation  la  In  good  agreement  Mth  that  derived  from  the  ballistic 
computations. 

Appendix  B  la  an  example  at  the  ballistic  study  made  for  each  buret. 
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CHAPTER  4 

CAMERA  INSTALLATION 


4.1  low-altitude  smoke-puff  cameras 

Motion -picture  camera#  were  tnstaUed  on  Engebt,  Rojon,  Ruoit,  and  Parry  to  record  the 
notion  at  the  mortar  amohe  puff*.  Mitchtll  and  Bell  A  HoweU  55-mm  cameras  worn  ran  at  a 
^>eed  at  approximately  100  frames  sec.  Lanina  taring  rariou*  focal  lengths  worn  eeed,  the 
cboicn  being  dntnrtninnd  by  the  object  diatanen  at  the  camtra  and  Um  expected  maxi  man  r- 
Cdraton  at  Um  amohe  puff.  Each  camera  was  contained  la  a  Milelded  bos  with  na  aatomatleaUy 
opened  lid  upon  which  was  mounted  a  plane  mirror,  thaa  directing  the  line  at  tight  from  the 
object  down  to  the  boned  camera.  Table  4.1  summartnea  the  camera  data  tar  MUm  and  Dag 
mortar  photography. 


Table  4.1  —  CAMERA  DATA,  MIKE  AND  I.1NG  MORTAR  PHOTOGRAPHY 


Camera 

atatloa 

Camera 

type 

Lena  focal 
length,  mm 

Object 

Object 

diataace, 

ft 

Aiming 

Horlaaatal*  Vertical 

Mika  t 

Mot 

90)  (Engebt) 

Bell  *  Howell 

75 

110  01 

1«.100 

19*94'  K 

0* 

90S  (Engebt) 

BeU  *  HoweU 

75 

•10.01 

14,900 

11*11'  R 

0* 

901  (Engebt) 

Beii  *  Rowell 

75 

•10.01 

11,900 

14*55'  R 

0* 

901  (Engebt) 

Ball  *  HoweU 

75 

510.04 

11,400 

40*19'  R 

0* 

904  (Rojoa) 

MitcbeU 

111 

ron.ot 

44, M0 

1«*4T*  L 

0* 

104  (Rojoa) 

1411. 01 

94,900 

904  (Rojoa) 

MilcheU 

151 

411.01 

94,900 

11 '40'  L 

0* 

JOfl  'Rojon) 

MitcheU 

151 

•11.04 

19,900 

i7ir  l 

0* 

907  (RuUt) 

MttcheU 

151 

•71.05 

41,100 

4iir  l 

0* 

907  (Rnalt) 

Mitchell 

151 

811.04 

19,100 

55*15'  L 

0* 

904  (Parry) 

MitcheU 

75 

•11 

750 

11W 
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Tabls  4.1  —  (Continued) 


Camara 

station 

Camara 

type 

Lana  fecal 
laagth,  mm 

Object 

Object 

distance, 

ft 

Aiming 

Horlxaotal*  Vertical 

King  Shot 

304  (Rqjaa) 

Mltcball 

1S3 

431.10 

18, 800 

18W  R 

0* 

304  (Rojoa) 

Mltcball 

133 

431.11 

18,800 

14*30*  R 

0* 

304  (Rojoa) 

Mltcball 

133 

431.13 

18,400 

17*30*  R 

0* 

304  (Rojoa) 

Mltcball 

183 

431.13 

18,300 

30*10*  R 

0* 

304  (Rojoa) 

Mltcball 

183 

431.14 

17,000 

30*30'  R 

0* 

304  'Rojoa) 

Ball  A  Howell 

183 

431.18 

18,480 

44*37*  R 

0* 

304  (Parry) 

Mltcball 

75 

433 

780 

*R  -  right  of  (round  uro;  L  «  left  of  ground  Mro. 
TBam*  camera;  two  Mrals  aa  om  film. 


4  2  DOB-ALTITUDE  GUN-BURST  CAMERAS 

Mltcball  38-mi  camara*  with  151-mm  lanaai,  operating  at  a  nominal  100  framaa/see, 
war*  in  stall  ad  at  Station  304  oa  Rojoa  for  tha  parpoa*  of  photographing  th*  gen  tnurntn.  Tha 
method  of  Inatallatloa  wan  identical  with  that  for  th*  mortar  photography.  Tibia  4.3  samma- 
rlaaa  th*  gua  camera  data. 


Table  4.3— CAMERA  DATA.  hOXX  OUN-BURST  PHOTOGRAPHY 


Camara 

station 

Camara 

type 

Lane  focal 
laagth,  mm 

Object 

Object 

distance, 

ft 

Aiming 

■erlwatal*  Vertical 

104  (Rojoa) 

MttchaU 

100 

la-b 

40,000 

3*48*  L 

11*30* 

304  (Rojoa) 

Mltcball 

163 

3a-b 

44,800 

3*41'  L 

18*48* 

304  (Rojoa) 

Mltcball 

183 

3a  -  b 

44,300 

3*38*  L 

SOW 

304  (Rojoa) 

Mltcball 

183 

4a-b 

48,700 

7*48*  L 

34*81* 

304  (Rojoa) 

Ball  A  Howell 

183 

Sa-b 

44,000 

10*80'  L 

33*43' 

*L  "  left  of  ground  Mro. 
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CHAPTER  5 

DATA  ANALYSIS 


3.1  LOW -ALTITUDE  BURSTS 

Upon  receipt  of  the  film  prlnta  the  normal  procedure  of  plotting  the  smoke-puff  edges, 
frame  by  frame,  was  employed. 11  The  resultant  series  of  contours  were  then  measured  to 
obtain  the  dlan'acement  of  the  object  ae  e  function  of  frame  number.  The  measured  displace¬ 
ment  wsa  corrected  for  magniflcetlon  of  the  Records!  (the  projection  Instrument  by  means  at 
which  the  contour  plot  wae  treced).  The  resultant  dl^lacement  on  the  film  was  then  trans¬ 
lated  to  true  displacement  la  three-dimensional  apace.  Tor  the  geometry  used  in  this  experi¬ 
ment,  It  can  be  shown  that  the  true  defacement  In  apace,  yf>et,  la  related  to  the  measured 
film  displacement,  xmm>  by 


x  R  eln  «  coa  0 


aln  (a  ♦  d  ♦  S)  [f  el»  •  ♦  x  ec*  0  cot  {fi  *  «)) 


where  R  -  range  (ft)  from  camera  to  weapon  aero 

e  »  angle  between  line  from  weapon  aero  to  camera  and  line  from  weapon  aero  to 
smoke  puff 

a  -  angle  between  Une  from  camera  to  weapon  aero  and  line  from  camera  to  emoke  puff 
0  ■  angle  between  cptlc  axis  and  line  from  camera  to  smoke  puff 
f  -  angle  between  line  of  motion  at  smoke  puff  and  line  from  smoke  puff  to  camera 
f  -  lane  focal  length  (mm) 


Knowledge  at  the  camera  qpeed  (available  from  timing  marks  on  the  film),  together  with  the 
true  epetiel  displacement,  allows  one  to  plot  dl^ilacemmt  time. 

Prertouely  used  methods  of  data  analysin'  were  not  employed;  a  preliminary  reduction  at 
data  by  the  displacement -time  tangent  technique  produced  anomsloue  reeulte  Indicating  ex¬ 
tremely  high  pressures  at  leng  ranges.  R  la  believed  that  theee  remits  were  fie  to  optical 
refraction  phenomena;  on  previous  operations  refraction  effects  had  bees  chows  to  be  below 
the  camera  resolution  limits.  However,  the  magnitude  of  the  Ivy  detonations  with  the  Instru¬ 
mentation  at  higher  pressure  levels  than  before,  together  with  the  greatly  Increased  shock 
radii  involved,  seriously  affected  the  determination  of  the  particle  displacement  while  the 
optical  path  passed  through  vi  strong  shock  region. 

The  following  method  was  utilised  In  the  redact  toe  of  the  film  data.  Prom  the  measured 
time  at  shock  arrival  at  each  Instrument  station,  distance  from  aero  was  platted  a#  a  function 
of  time  on  logarithmic  paper.  From  the  meesured  displacement  of  the  amoks  puff  as  a  function 
at  time,  the  particle  position  Uses  (world  Unas)  were  drawn.  Slopes  s  (of  the  time  of  arrival 
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cures)  lad  m  (of  the  world  ''-.as)  at  each  station  range  were  measured  directly  from  tha 
plotted  data  points.  without  racouraa  to  tha  Rnnkine-Hugaolat  relations  tha  paak  ahock  eeloe- 
lty  and  paak  malarial  reloetty  wara  compatad  from 


By  conservation  of  momentum  alone  tha  paak  overpressure  may  ba  determined 
P,  -•  p,  Uu 


A  at  da  from  allmlaaUnf  affacta  daa  to  refraction,  tha  shove  mathod  ta  Ida  ally  aaltad  to  tha 
determination  of  tha  hydrodynamic  ylald  by  tha  analytic  notation.1-4  Tha  measurements  of 
radlua  R,  tlma  t,  alopaa  a  aad  m,  aad  tha  rata  at  chaaca  of  alopa  m,  (d  In  m)/(d  la  t),  ramora 
tha  analytic  aolotiaa  from  aarloua  dependence  upon  tha  equation  of  atata.  Tha  foregoing  data 
from  Mika  hara  baaa  «a«d  la  tha  analytic  aolotiaa  aad  raault  la  an  average  ylald  at  10.1  lit 
ewer  a  praaaura  range  at  from  13  to  1  atm.  Thla  ta  looar  than  tha  hydrodynamic  ylald  at 
10.4  Mt  obtain  ad  from  tha  analytic  solatloa  la  tha  flrahall  region;  a  lowar  ylald  la  expected  at 
l®g  distances  esd  low  altitudes  because  of  etmo^shsrlc  Inhomogmelty.  Tha  apparent  ylald 
derived  from  tha  high-altitude  gun  bar  at  a  la  eorraapoadlngly  higher  than  tha  hydrodynamic 
fireball  ylald.  Tha  extension  at  tha  eolation  beyond  tha  fireball  region  aad  down  to  each  low 
presear ea  ta  extremely  ealnabla  In  broadaulag  tha  pressure  range  am  which  tha  aanlytlc 
aolotiaa  la  rmlld. 

Tha  poalttaa  of  tha  bersi  was  measured  an  the  film  with  reference  to  the  known  camera 
object  axle;  ta  thla  meaner  tha  altitude  at  tha  bar  at  may  be  datarmlaad  aa  wall  aa  Us  deviation 
from  aUttaa  coordinates  m  tha  horlaoaUl  pinna.  From  these  measurements  tha  true  slant 
range  from  aero  was  datarmlaad. 

Figure  t.l  la  as  enlarged  38-mm  frame  of  throa  at  tha  reef  stall  one  at  Mike  aero  time. 
Tha  mortar  bar  at  a,  rather  indistinct  an  the  enlargement,  appear  at  tha  left  sdga  (to  tha  left  of 
tha  lightning  atroks),  ta  tha  right  adga  at  an  or er expound  area  (dan  to  reflection  from  the 
camera  mirror),  aad  am  tha  right-hand  gaa  silhouette.  Figure  8.1  shown  the  asms  atari  ana 
daring  tha  passage  of  the  mock  ware.  The  left  station  has  bean  eagnlfsd  by  tha  fireball  and 
dust  cloud,  the  canter  station  puff  has  baaa  placed  in  motion  by  the  ahock  ware,  aad  tha  third 
station  has  not  yat  baaa  dlaplacsd.  Of  pa  sain*  interest  on  this  frame  art  tha  ootllna  of  tha 
ahock  warn  again  at  tha  background  clouds  (In  tha  right  third  of  the  photograph)  aad  tha  ^ray 
rising  behind  tha  ahock  front  (light  iron  on  tha  hartson). 


8.3  HIGH-ALTITUDE  BURSTS 


The  procedure  la  ataallnr  to  that  employed  In  tha  analysis  at  the  low-altitude  aaortar 
bursts.  Bowaear,  the  datarmlnatloa  of  tha  relation  between  measured  dUplac ament  an  the  film 
and  tha  brae  displacement  ta  apace  la  much  more  coaaplex.  A  simplification  of  tha  rigorous 
aolotiaa  at  tha  three-dimensional  geometry,  applicable  to  tha  determination  of  dUplsceaaeat  at 
an  early  time  corresponding  to  tha  time  at  peak  pressure,  results  In 


Rd  [  ala* 


f  [  eU*  (a  ♦  p) 


cos1  c  ala1 


ala1  (**♦♦) 


where  D  -  tree  spatial  displacement  (ft) 

d  "  measured  film  dl^lace meat  (mm) 
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R  -  distance  from  camera  to  Initial  position  of  gun  buret 
t  ■  lm«  focal  length  (sun) 

c  *  angle  between  hortnonUl  dlqjlacammt  and  actual  dl  placement  an  film 
m  *  vertical  angle  between  borlaontal  and  Una  from  camara  to  burat 
0  -  borlaontal  anf  la  between  Una  from  wenpon  aaro  to  camara  and  Una  from  weapon 
aaro  to  gun  burat  pound  aaro 


♦ 

f 

a 


tan'1 


tan  ( 

con  (a  *  0) 


vertical  angle  between  borlaontal  and  Una  from  waapon  aaro  to  pm  bur* 
borlaontal  camara  aiming  anf  la 


Ftfura  8.9  la  an  Illustration  of  tha  gun-burst  photography.  Tha  diffusa  objects  ara  gun 
bursts  at  an  altttuda  of  19,000  ft  and  at  a  dlatanca  of  7.5  mtlaa  from  tha  camara.  Tha  mora 
distinct  objects  bracketing  tha  burata  ara  tha  ramalna  of  parachutas  uaad  by  Project  8.11  to 
place  pressure  Instruments  for  free-air  recording. 
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CHAPTER  fl 

RESULTS 


e.l  MIKE  SHOT 

Ths  instrumentation  functioned  in  a  satisfactory  manner.  The  four  reef  mortara  (Stations 
020.01  to  620.04)  all  fired  and  produced  smoke  puffs;  four  of  the  at*  raft  mortara  (Stations 
021.01  to  021.04)  fired,  and  puffs  vers  observed;  one  raft  mortar  (Station  621.09)  and  the  mor¬ 
tar  on  Parry  (Station  622)  failed  to  receive  their  radio  firing  signal;  one  raft  mortar  fired, 
but  no  puff  ess  observed  on  the  film  (Station  021.06),  probably  because  of  a  faulty  mortar 
charge  or  camera  misalignment;  all  10  guns  fired. 

The  data  derivable  from  the  films  do  not  follow  the  percentage  success  In  Instrument 
functioning;  this  Is  primarily  due  to  the  fact  that  dust  and  smoke  produced  by  the  thermal  radi¬ 
ation  obscured  the  camera  field  of  view  before  the  shock  wave  reached  the  smoke  puff.  This 
occurred  on  the  film  covering  reef  Station  020.04.  The  complete  motion  of  the  puffs  could  not 
be  followed,  even  at  the  camera  station  an  Rojos,  because  of  the  dust  obscuration.  Data  from 
Station  020.01  were  lost  since  the  puff  was  engulfed  by  the  fireball  before  any  ahock-lnduced 
motion  could  be  discerned. 

Two  of  the  gun  bursts  (3  and  6a)  started  their  motion  slightly  outa.de  the  camera  field  of 
view;  consequently  peak  material  velocity  and  overpressure  could  not  be  determined  for  these 
two  points. 

Of  the  proposed  Instrumentation,  TO  per  cent  of  the  stations  produced  data.  Since  the  gun 
burets  were  In  pairs  separated  by  1000  ft,  the  lack  of  data  from  one-half  of  each  of  two  pairs 
was  not  serious  for  defining  a  pressure -distance  curve,  and  the  data  are  considered  as  78  per 
cent  of  planned.  The  high-altltude  portion  of  the  project  was  considered  as  s  gamble  from  the 
beginning  since  cloud  cover  could  easily  prevent  the  photography  of  the  bursts;  that  any  data 
were  obtained  may  be  considered  as  luck. 

Table  0.1  presents  station  range,  time  of  dbock  arrival,  peak  shock  velocity,  peak  mate¬ 
rial  velocity,  and  peak  overpreasure  for  Mike  shot,  figures  6.1  to  0.4  are  graphs  of  these 
data,  for  comparison,  fig.  0.4  contains  the  theoretical  pressure-distance  curve  (reflection 
factor  of  two)1  for  s  10- Ml  surface  burst. 

0.2  KING  SHOT 

five  of  the  sU  raft  mortara  fired,  and  four  of  the  five  produced  bursts  (again  Indicative  of 
one  faulty  charge).  Of  the  four  bursts  Initially  visible,  one  (Station  021.13)  was  obscured  by 
thermal  dust  prior  to  motion.  The  mortar  on  Parry  (Station  013)  was  fired  by  hand;  however, 
a  power  failure  shortly  after  eero  time  prevented  the  camera  from  running,  instrument  oper¬ 
ation  was,  consequently,  71  per  cent,  bet  only  43  per  cent  of  the  data  was  obtained. 
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Table  8.1  —  RESULTS,  MIKE  SHOT 


Station 

Slant  range,  ft 

Time  of  arrival, 

sec 

Peak  ahock 

velocity, 

ft/eec 

Peak  material 
velocity, 
ft/eec 

Peak  overpraamire, 
pal 

830.03 

8,938 

0.63 

4190 

3188 

304.8 

830.03 

8,310 

1.34 

3910 

1800 

81.1 

631.01 

18,000 

8.08 

1700 

880 

17.0 

631.03 

31,800 

8.33 

1800 

440 

10.3 

631.03 

30,130 

18.46 

1370 

348 

4.8 

631.04 

37,300 

30.08 

1380 

198 

3.6 

Gun  burst 

la 

10,160 

1.78 

3600 

1730 

86.0 

lb 

11,300 

3.34 

3330 

1830 

43.9 

3a 

11,890 

3.44 

3310 

1480 

37.9 

3b 

13,730 

3.89 

3070 

1380 

33.3 

3b 

18,880 

6.03 

1830 

1040 

16.8 

4a 

33,000 

9.17 

1430 

906 

11.1 

4b 

34,100 

9.93 

1400 

890 

10.3 

8b 

39,780 

13.14 

1470 

930 

9.8 

Table  8.3  preeeata  ruga,  ttma  of  arrival,  peak  ahock  velocity,  paak  malarial  velocity,  and 
peak  overpressure.  Thaaa  data  ara  plotted  with  the  Mike  data  In  Fife.  6.1  to  8.4;  for  compart  - 
bob,  the  theoretical  preesure-dlataace  curve  for  a  SSO-Kt  burst  (reflection  factor  of  two)  la 
Inc  laded  la  Fig.  8.4. 


Table  8.3— RESULTS,  KINO  SHOT 


I 

i 

1 

1 

Time  of  arrival, 

sec 

Peak  ahock 

velocity, 

ft/sec 

Peak  malarial 

velocity, 

ft/eec 

Peak  overpressure, 

pel 

831.10 

3840 

0.99 

3390 

1880 

87.1 

831.11 

4890 

1.40 

3090 

1190 

38.3 

831.13 

8880 

1.93 

1808 

880 

34.8 

8.3  DISCUSSION  AND  INTERPRETATION  OF  RESULTS 

The  Mika  low -altitude  data  potiua  ara  la  good  agreement  with  the  theoretical  ewe  for 
10  Mt  over  an  ideal  surface  (reflection  factor  of  two)  at  high  presaurea.  At  long  raagea  the 
■eaaared  preaanrea  are  lower  than  the  Ideal  carve  because  of  atmospheric  aeoastlc  refraction 
focaalog  the  shock  wave  upward. 

The  hlgh-altitwde  data  show  a  departure  from  the  lew-altitude  curve  aad  Indicate  pres¬ 
sures  higher  tbaa  for  a  homogeneous  medium.  A  preliminary  study  of  the  effects  of  an  la - 
ereesUgly  ratified  atmosphere  on  the  propagmtlc*  ».  shock  wave  has  above  that  the  pres- 
sares  ahaald  be  higher  at  high  altitudes  than  they  are  a  ear  the  anrface.  Aaenmlag  that  the 
absolute  prenanre  behind  the  ahock  la  everywhere  constant  at  a  given  time,  the  ahock  velocity 
Increases  as  the  ambtsnt  pressure  decreases  with  altitude.  A  higher  shock  velocity  and  an 
earlier  time  of  arrival  ara  Indicated  by  the  data.  The  increased  ahock  velocity,  together  with 
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•  M*twr  materiel  velocity,  results  In  an  Inertia*  la  oeerpraaeur*  at  the  high  altitudes.  Fur- 
Lbt rmore,  tine*  iht  increased  shock  velocity  la  the  rarlflad  medium  product*  aa  asymmetry 
la  the  shock  frost,  when  compart^  prttaurt*  at  lb*  surface  with  Ihota  at  high  altitudes  at  the 
■amt  slant  ran**,  it  follow*  that  tht  surf*:#  prtatur*  will  be  lover  In  ralatlos  to  tht  high* 
altitude  prtaaurt  bactuaa  of  prttaurt  decay  with  dlatanct.  That  tht  Fuchs  correction1  la  not 
applicant  la  thla  caat  la  evident  from  tht  prtaaurt  levels  Involved. 

Tht  data  derived  from  tht  highest  gun  bur  at  art  under  auaptetoo;  tht  anomalous  behavior 
may  bt  dut  to  aa  “atmospheric  discontinuity"  which  may  hart  txiattd  at  m  altitude  of  approad- 
mattly  TD.OOO  ft.  At  thla  level  tht  tamparaturt  decreased  at  a  greater  ratt;  tht  wind  had 
ahlfltd  In  dlrtcUoo  and  Incrtaatd  In  velocity.  Thla  characteristically  dlffarant  air  maaa  over¬ 
riding  tht  lowtr  level  air  maaa  may  wall  hart  act  ad  ta  a  reflecting  boundary.  Qua  burst  5b, 
abort  thla  Itrtl,  txhlblta  high  ahock  and  mattrlal  rtlocltlea  and  high  ptak  ortrprtaaurtB. 

Tht  thrtt  King  data  poind  11a  alight ty  btlow  a  thaoratlcal  550*11  curra  (rtfltctlon  factor 
of  two);  all  King  point  a  art  In  tht  Mach  region. 

It  ahould  bt  noted  that  tht  rtlocltlea  and  ptak  ortrprtaaurta  hart  not  bean  corrected  for 
ambient  wind  condition*  but  art  the  ralute  aa  actually  measured.  If  the  data  ware  corrected 
for  wind,  the  three  King  rtluet  would  bt  lowered  1  par  cast  anu  prtaaurt  ft  the  two  closest 
Mika  stations  Incrtaatd  by  O.S  par  cant.  With  a  ralut  at  all)  par  cant  applied  to  tht  prtaaurt 
data,  the  at  minor  corrections  art  tot  of  importanct. 

5.4  PRECISION  Or  MEASimZMKNTS  AND  METHOD  ERRORS 

A  discussion  at  the  error  a  inherent  In  thla  ratthod  of  prtaaurt  rroaaurement  may  bt  found 
ta  rafaranc*  S.  Tht  error  In  camera  apttd  ia  approximately  *2  per  cent  orer  the  region  of 
measurement  resulting  In  a  precision  lades  of  *0.01  ate  la  time.  The  measurement  of  slop* a 
n  (tlme-cf -arrival  cure*)  and  m  (world  Una)  was  rapeatad  several  times;  the  relative  error  In 
a  la  approximately  *1  per  cent  and  In  m,  *3  par  cant.  The  ranges  of  tht  mortar  puff*  and  gun 
burst*  art  known,  an  the  average,  to  withia  1  par  cant.  Tht  meteorological  data  utlUaed  In  the 
apartment  wart  obtained  tome  hour  a  prior  to  ahot  time;  howtetr,  because  of  the  rather  at  a* 
bit  atmospheric  conditions  at  tht  ahot  site,  a  reasonable  relative  error  in  density  of  el  per 
cast  hat  been  assigned.  Propagation  of  the  rtlaUet  errors  result  a  In  a  maximum  ealut  of 
ad  per  caol  at  the  closest  stations,  decreasing  to  *4  per  cent  at  the  moat  distant  stations,  aa 
the  rt  1st  let  error  in  the  derived  prttaurt;  tht  range  error  dacrtaaaa  front  *1  per  cast  to 
*0.5  per  cent. 
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CHAPTER  1 

CONCLUSIONS  AND  RECOMMENDATIONS 


1.1  BLAST  HYDRODYNAMICS 

The  data  obtained  on  Mite  and  King  confirm  th®  theoretical  pressure-  V-**  and  Urns* 
of-arrlml  curves  at  Report  LA-1404.  IV  effect!  at  atmospheric  Irione."  ,y  were  found  to 
be  significant  at  alant  dlatancea  greater  than  10,000  ft. 

Requirements  for  the  mass-motion  expert  Bent  oa  future  teat!  are  somewhat  aa  follow  a: 

1.  There  ia  apparently  little  requirement  for  measurement  of  peak  pre enure  or  time  at 
arrlral  at  dlataacea  leaa  than  10,000  ft  for  the  note  purpoae  at  establish^  the  free -air  prea- 
aure-dlatance  curve. 

I.  There  la  a  require  meat  to  measure  peak  preaaure  at  both  low  and  high  altltodea  (alant 
raagee  and  altitudes  well  la  access  at  10,000  ft)  la  order  to  Improve  the  quantitative  under* 
standing  at  the  effect  at  atmospheric  Inhomogenelty. 

).  A  further  requirement  exists  since  the  technique  la  directly  applicable  to  the  analytic 
eolation  for  determination  of  the  total  hydrodynamic  yield.  The  measurements  should  extend 
from  fireball  breakaway  down  to  pressures  at  several  ]tmo^>heree  or,  for  air  bar  eta,  to  at 
least  cover  the  free -air  region.  The  envhasts  here  would  be  oa  the  hyfeadyanaalcs  deep  la  the 
Interior  at  the  shock  were,  for  which  the  method  la  well  adapted;  furthermore,  the  details  near 
the  shock  front  are  fairly  well  anderafood. 

1.1  THERMAL  DOST  AND  CAMERA  LOCATION 

The  cameras  were  lasts  lied  at  a  central  location  atop  the  timing  stations  aa  EageM, 

Rajoa,  and  Rualt.  Thla  cboica  at  location  waa  excellent  far  operational  facility  bat  was  an* 
fortunate  from  the  point  of  view  at  obfeet  ohncuratlaa.  The  area  at  dirt  and  vegetation  betwean 
the  earners  and  the  lagoon  beech  was  aeverely  searched  an  Engeht  and  Rojos,  resulting  la  a 
pall  of  amoks  and  dual  which  irons  and  c loaded  the  field  of  view,  la  aumy  case#  before  the 
desired  data  oa  mass  motion  were  obtained,  future  photography  at  thin  nature  (aa  Large  wess¬ 
ons  tests)  should  bear  Is  mind  the  thermal  effects;  cameras  should  be  placed  aa  clone  to  the 
edge  of  the  water  aa  la  feasible  and  upwind  of  any  UKke-prodnclag  material. 

1.3  PHOTOGRAPHIC  METHOD 

The  photographic  problems  associated  with  thla  experiment  were  resolved  on  Buster - 
h  ^  end  were  successfully  applied  on  Tumbler -Snapper  and  on  fry.  Decisions  on  type  at 
»,  film  speed,  and  leaa  focal  length  were  mads  la  consultation  with  KOfcO  personnel;  all 
ih  grsphlc  work  was  conducted  by  that  organisation. 
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7.4  LOGISTIC  SUPPORT 

The  Installation  o 4  the  guns  oo  Engebt  m  the  biggest  problem  encountered  bp  the  protect. 
The  tine  coordination  o f  activities  rendered  by  Group  J-6,  LASL,  the  out  it  and  Inf  performance 
of  the  Navy  gun  crew,  and  the  equipment  and  shilled  personnel  supplied  by  BAM  all  contributed 
to  completing  the  inetallation  with  a  minimum  of  difficulty. 

The  placemen!  at  the  rafts  and  mortar  equipment  proceeded  smoothly.  By  participating  to 
the  fullest  extent  la  the  full-scale  dry  run,  many  minor  problems  were  overcome.  The  actual 
mooring  of  the  raft  stations  began  at  MOO,  kf-1  day.  By  lSSO  all  rafts  had  been  moored  and 
activated,  and  the  guns  on  Engebt  had  been  loaded  and  prepared  for  firing. 


7.3  DAMAGE  SUSTAINED  BT  GUMS 

A  brief  description  of  the  damage  sustained  by  the  gun  battery  on  Engebt  (6400  yd  from 
Mike  aero)  may  be  of  Interest. 

Little  physical  damage  occurred  with  the  exception  of  one  mount  (Station  633.10).  Figures 
7.1  and  7.3  show  the  damage  to  thia  station.  Urn  trainer's  hand  wheel,  telescope  bracket, 
bucket  seat,  and  foot  pedals  were  apparently  struck  by  a  large  place  at  concrete,  places  of 
which  may  be  seea  la  Fig.  7.1.  The  greats  at  damage  was  Inflicted  by  local  atmospheric  con¬ 
ditions  rather  than  by  the  effects  attendant  the  unclear  detonation.  By  the  time  the  radi¬ 
ation  had  decayed  to  a  level  which  would  have  permitted  personnel  to  work  on  the  guns,  reel 
and  corrosion  had  set  la  and  rendered  the  equipment  useless  and  beyond  the  repair  faculties 
available  la  the  field  at  the  ttaae. 
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APPENDIX  A 

METEOROLOGICAL  DATA 


Tb«  basic  meteorological  data  (or  Mika  aad  Hag  ihota  war*  provided  by  Joist  Taak  Fore* 
132  (JTF-132)  Weather  Central  and  art  reproduced  la  Table  a  A.l  aad  A.2. 

From  thaaa  data,  ambient  density  at  low  altltadaa  (~300  ft,  th*  mortar  barat  region)  waa 
computed  to  ba  1.13  g/llter.  Smllarly,  (or  Hag,  ambient  density  waa  l.M  g/liter. 

For  the  Ugh -altitude  fan  berate  on  Mika,  data  on  ambient  prcaaore,  temperature,  aad  dew 
point  were  plotted  aa  a  function  at  altitude  aad  Interpolated  at  the  gun -bur  at  altitudes.  Figure 
A.1  fl r*a  the  ambient  preeeure,  Fig.  A.2  the  temperature,  Fig.  A.3  the  dew  point,  aad  Fig.  A.  4 
the  wind  velocity  and  direction.  An  atmospheric  discontinuity  will  be  noted  at  about  20,000  ft; 
the  temperature  drops  at  a  greater  rate  while  the  wind  shifts  la  direction  aad  Increases  la 
velocity.  Table  A.3  gives  the  ambient  pressure  aad  computed  ambient  density  at  the  altitudes 
of  the  gun  bursts. 
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Table  A.l  — MSThORO  LOGICAL  DATA,  MOT  SHOT 
USS  Estes 

Ealwstok,  Marshall  Islands 
0100  Local  (1300  Z).  1  November  IMS 


Altitude, 

ft 

Wind 

Direction, 

degree  i 

Speed, 

knots 

Pressure, 

mb 

Temp., 

•c 

De'V 

point, 

•c 

Altitude,* 

ft 

Surface 

110 

12 

1000 

25.8 

23.8 

280 

1.000 

110 

13 

2.000 

no 

IS 

3.000 

110 

15 

4,000 

120 

15 

5,000 

120 

13 

850 

18.8 

17.2 

4,930 

0,000 

130 

14 

7,000 

130 

18 

8,000 

130 

17 

733 

11.8 

10.2 

9,000 

130 

17 

10.000 

130 

14 

700 

9.5 

7.2 

10,320 

12,000 

130 

08 

14,000 

140 

09 

18,000 

150 

10 

833 

8.5 

1.8 

18,000 

180 

11 

20,000 

180 

10 

500 

8.2 

-8.8 

19,270 

28,000 

250 

17 

445 

-11.2 

-28.8 

400 

-18.7 

M 

24,890 

30,000 

240 

24 

358 

-24.0 

300 

-29.7 

M 

31,790 

35,000 

240 

14 

40,000 

250 

15 

200 

-48.5 

M 

40,910 

45,000 

330 

18 

150 

-81.2 

M 

48,950 

50,000 

350 

15 

117 

-71.0 

M 

55,000 

040 

08 

80,000 

070 

34 

85,000 

070 

38 

70,000 

080 

20 

75,000 

100 

19 

80.000 

080 

17 

85,000 

100 

08 

90,000 

090 

04 

*AUltud«  at  prescribed  prtaaure  larela. 
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SECRET 


Table  A.2  —  METEOROLOGICAL  DATA,  KING  SHOT 
Enlwetok,  Marshall  Islands 

0900  Local,  16  Noremler  19S2;  2100  Z,  IS  November  19S2 


Allltuda, 

ft 

Wind 

Direction, 

degrees 

Speed, 

knots 

Pressure, 

mb 

Temp., 

•c 

Dew 

point, 

*C 

Altitude,* 

ft 

Surface 

070 

17 

1010 

78.3 

23.5 

1,000 

070 

20 

1000 

26.5 

26.3 

310 

1,500 

070 

31 

2,000 

060 

22 

933 

23.5 

21.8 

2,000 

090 

25 

4,000 

090 

26 

5,000 

090 

29 

850 

20.8 

10.9 

5,000 

6,000 

090 

25 

7,000 

090 

24 

796 

16.5 

12.6 

8,000 

100 

21 

9,000 

090 

20 

10,000 

070 

20 

700 

11.6 

3.2 

10,420 

12,000 

070 

18 

14,000 

060 

16 

623 

4.6 

-14.9 

16,000 

40 

14 

l»,0Gv 

060 

19 

500 

-4.2 

M 

19,370 

20,000 

060 

30 

29,000 

050 

26 

400 

-15.5 

M 

25,030 

30,000 

030 

08 

300 

-30.5 

M 

31,960 

35,000 

340 

29 

40,000 

330 

41 

200 

-50.8 

M 

41,010 

45,000 

340 

39 

150 

-65.0 

M 

46,970 

50,000 

120 

07 

55,000 

060 

06 

100 

-79.2 

M 

54,790 

60,000 

060 

22 

93 

-81.0 

M 

69,000 

070 

22 

66 

-77.0 

M 

70,000 

020 

07 

50 

-58.0 

M 

68,030 

75.000 

240 

14 

80,000 

240 

11 

85,000 

230 

13 

•Altitude  at  prescribed  pra scars  l arsis. 
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ALTITUDE!  FT) 


SECRET 


H*  TOUT  r»> 
rtf.  AJ— On  fatal  «  t'Hnai. 


M 
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ACTITUOC  (FT) 


SECRET 


WIND  DIRECTION  (OEGREES) 


IO  120  ISO  i<0  ISO  ISO  170  ISO  190  t  At  20  WO  230  MO  290 


wmo  vajocmr  orn 


rn.  u-i 


r»ut  aj— uumrr  raiatmi  and  Dgrarrr 

AT  (Km-IVRfT  ALTITUDE! 


*rt. 

Aim**,  i 
ft 

»rt,  i 

t/Ut«r 

ll 

T.TOO 

11.1 

o.oto 

id 

I.T70 

10. Tf 

0.004 

at 

0,000 

10.4 

o.m 

» 

10,490 

10.1 

0.1*1 

it 

14,440 

l.l 

o.m 

u 

11,440 

1.0 

o.m 

4t 

11,140 

T.4 

o.m 

4b 

10,000 

t.l 

0  on  _ 

It 

13,000 

1.0 

0.144 

Ik 

KT  00 

l.l 

0.U1 

w 
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APPENDIX  B 


BALLISTICS  FOR  GUN  BURST  5o 


Th«  internee  Hoc  of  two  planes  defined  the  Um  aloof  which  the  fua  bar  at  a  would  occur  (aaa 
Sac.  3.3).  Flfura  B.l  illustrates  tha  location  at  gun  burst  3a  (tbs  bursts  wars  labeled  as  pairs, 
and  3a  corresponds  to  tha  burst  at  as  altltuds  at  33,000  ft).  Tbs  eoordtaaias  of  this  burst,  for  It 
to  occur  at  tha  defined  point,  wars  determined  as  follows: 

From  Fig.  B.l 


A  33,000 

u  •  - - -  -  -*  ■;  •  14,430  ft 

tan  p  tan  40* 

I  •  A  tan  p  •  33,000  taa  13*  -  ft 3?  ft 


a  •  tan 


■ti¬ 


tan-'  (0.4440)  '  34*34' 


T-  -  13,300ft 
ala  a 


figure  B.3  shows  the  pins  slew  of  aero  Island  and  burst  3a.  Prim  the  known  coordinates 
at  the  aero  Island  and  the  angls  a  amt  distance  y  confuted  shore,  the  coordinates  of  the  gun 

burst  are  fuaed. 

AN  -  y  sts  (a  ♦  4)  -  13,300(0.7331)  •  11,440 
AK  ■  *  coe  (a  ♦  «)  -  13,300(0.4113)  -  10,430 
N  147730  -  AN  •  N  134110 

I  4T730  ♦  Al  •  E  73430 


The  gun  at  Station  433.03  was  to  fire  the  png  set  lie  prodarlag  burst  is.  The  coordinates  ct 
this  gun  station  were  N  143444  and  I  44747. 

From  the  geometry  cl  the  gun  station  is  relatioa  to  the  gun -burst  poatuaa  and  the  aero 
Inland. 


Borlaoatal  range  (gun  to  burst),  3743  yd 
Position  angls,  44*41' 

Slant  range,  3143  yd 

Train  angle,  33*13'  left  of  bomb  aero 


From  OP- 1700  (reference  1),  for  e  slant  range  of  9145  yd  and  a  position  angle  of  05*41',  the 
algtu  angle  le  5*30',  and  the  time  at  flight  la  34.40  tec.  Since  the  elevation  le  the  eum  at  the 
position  angle  and  the  sight  angle, 

Elevation  angle,  71*07’ 


Under  the  standard  conditions  of  the  Range  Tablee  the  foregoing  setting  of  train,  elevation, 
and  fuse  (time  of  flight)  would  produce  a  burst  st  the  deelred  coordlnatee,  within  the  arbitrary 
ballistic  error  of  *30  yd  In  three  dimensions. 

A  correction  for  drift  of  30  yd  right  lncreeses  the  train  angle  by  07'  to  compensate;  the 
train  angle  Is  now  55*30'. 

Since  the  gun  hes  an  Initial  velocity  charecterletlc  of  3700  ft  sec  and  the  Range  Tablee  are 
computed  (or  2650  (t  sec,  an  Increase  in  Initial  velocity  of  50  ft/ sec  would  result  In  the  burst 
occurring  48  yd  beyond  in  range  and  149  yd  high.  To  correct  for  the  velocity  Increese,  the 
sight  angle  Is  decreased  33’,  and  the  time  of  flight  la  decreased  1.00  sec;  the  elevation  le  now 
70*45',  and  the  fuse  setting  le  33.40  sec. 

An  assumed  10  per  cent  decrease  In  density  would  result  In  a  burst  141  yd  beyond  and  396 
yd  high.  To  correct  for  this  dcnalty  change,  the  eight  angle  le  decreased  by  b3’,  and  the  time 
of  flight  le  decreased  by  3.53  sec;  the  elevstlon  le  now  69*33’,  sad  the  fuse  setting  le  30.86  sec. 

An  assumed  10-knot  rear  wind  would  result  In  e  burst  37  yd  beyond  In  range  and  7  yd  high. 
To  correct,  the  sight  ingle  le  Increased  by  14*  and  the  time  of  flight  by  0.15  sec. 

After  these  corrections,  the  train  le  55*30’,  the  elevation  70*07’,  and  the  fuse  setting  30.4 
sec.  If  all  assumptions  are  correct,  the  burst  will  occur  in  lte  desired  position.  If  no  correc¬ 
tions  were  made  (and  they  should  have  been  made),  the  error  in  range  would  be  350  yd  beyond 
and  550  yd  high.  Conversely,  if  the  corrections  are  proper  (and  actual  conditions  required  no 
correction),  the  error  in  range  would  be  350  yd  short  and  550  yd  low  In  altitude.  It  may  be 
seen  from  the  foregoing  that  the  probable  position  of  the  burst  may  vary  within  wide  limits; 
however,  the  preshot  ballistic  computation  Indicated  that,  even  under  the  most  unfavorable 
conditions,  the  burets  would  occur  within  the  camera  field  at  view,  and  the  shot  Island  and  ad¬ 
jacent  instrumented  islands  would  suffer  no  damage  during  the  gun-battery  test  firlog. 

The  gun  firing  burst  5a  was  set  at  56*30'  train,  70*07'  elevation,  and  30.4-sec  fuse,  as 
computed  In  the  preshot  ballistic  problem.  Subsequent  to  Mike  shot,  when  meteorologies.!  data 
were  received,  e  second  ballistic  problem  was  solved  to  determine  the  tree  location  of  the 
burst.  Ballistic  wind  and  density  were  computed,1  and  for  burnt  5n  It  wee  found  Uui  e  10  per 
cent  decrease  In  density,  an  effective  IS-knot  heed  wind,  and  •  6-knot  cross  wind  (from  left  to 
right  when  viewed  along  the  trajectory)  would  have  to  be  applied  to  the  preabot  ballistic  prob¬ 
lem.  In  addition,  s  correction  for  a  30*7  temperature  increase  was  neceaaary.  The  correc¬ 
tions  were  made,  according  to  OP  -1796,  with  the  following  results: 


6-knot  cross  wind,  30  yd  right 

16-knot  heed  wind,  85  yd  short 
11  yd  low 

30*7  temperature  Increase,  4  yd  short 

17  yd  low 

10  per  ceat  decrease  la  deaelty,  127  yd  short 

336  yd  low 


Total  correction,  30  yd  right 
219  yd  abort 
367  yd  low 


The  tvrst  actually  occurred  (after  applying  the  foregotag  correction*  to  the  pie  need  burst 

wl-t-  -  *—  *•  .  gg,  ^  I  Jai.WESfri?'T  >if- 


coordinates)  at  an  altitude  of  23,000  ft  Instead  of*26,000  ft.  The  true  plan  coordinates  (aftar 
correcting  tor  the  range  abort  o t  210  3rd  and  the  deflection  of  30  yd)  of  the  burst  were  N  136623, 
Z  70027;  with  tbs  known  coordinates  of  bomb  aero  the  resultant  true  slant  range  of  burst  5s 
from  the  sero  island  was  28,650  ft  as  compared  to  a  planned  slant  rangs  of  20,600  ft.  Table 
B.l  summarises  tbs  planned  and  actual  altitudes  aad  slant  ranges  of  tbs  gun  bursts. 


Table  B.l— SLANT  RANGE  AND  ALTITUDE,  OUN  BURSTS 


Burst 

Planned 
altitude,  ft 

Planned 
slant  range,  ft 

Actual 
altitude,  ft 

Actual 

elant  range,  ft 

la 

6,000 

10,220 

7,780 

IP  160 

lb 

0,000 

11,400 

8,770 

11,300 

2a 

10.000 

11,850 

9,680 

11,690 

2b 

11,000 

13,050 

10,490 

12,720 

3a 

15,000 

17,750 

14,460 

17,410 

3b 

16,000 

16,950 

15,460 

16,560 

4a 

20,000 

23,700 

19,140 

23,000 

4b 

21,000 

24,900 

20,060 

24,100 

5a 

25,000 

29,600 

23,900 

28,650 

5b 

26,000 

30,800 

24,760 

29,780 
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